Maintenance of intracellular K+ concentrations that are not growth-limiting, in an environment of high Na+, is characteristic of NaCI-adapted cells of the glycophyte, tobacco (Nicotiana tabacum/gossii). These cells exhibited a substantially greater uptake of "Rb+ (i.e. an indicator of K+) relative to unadapted cells.
Intracellular ion uptake is an integral component ofosmotic adjustment necessary for adaptation to salt (3, 7, 10) . However, because of the deleterious effects of high ion concentrations on cytosolic physiology and biochemistry (7, 10, 28) , it is essential that ion levels in this compartment be stringently controlled. This is apparently accomplished by precise coordination and regulation of intracellular ion accumulation, vacuolar ion compartmentation, and cell expansion, while '"compatible" organic solutes serve as osmolites in the cytosol (7, 10, 20, 21, 28) . This coordination facilitates the utilization of ions for osmotic adjustment to balance the water status of the cell and to generate sufficient turgor for growth while maintaining satisfactory cytosolic ion levels compatible with cell metabolism.
The inhibitory effects of Na+ may be mediated through interactions with other cations, specifically K+ and Ca2". High external concentrations of Na+ affect intracellular K+ accumulation to the extent that K+ deficiency is considered to be one of the detrimental effects of exposure to NaCl (12, 15, 16) . Extracellular Na+ perturbs K+ uptake, presumably by competing for sites through which transmembrane influx of both K+ and Na+ occur (6, 12, 16) . Increased plasma membrane permeability or "leakiness," elicited by high NaCl concentrations, results in the inability of cells to maintain adequate intracellular K+ levels (16 due to Na+ displacement of Ca2" from the plasma membrane can be reversed by increased Ca2" (5) .
Proton extrusion across the plasma membrane is stimulated by a reduction in the external water potential mediated by any number of osmotic solutes (17, 18, 26, 29) . A substantial component of increased H+ pumping was vanadate-sensitive and it has been inferred that the plasma membrane H+-ATPase has a central function in the response to alterations in the osmotic or ionic environments (2, 17, 18, 26) . Intracellular sugar uptake has been linked to this enhanced H+ pumping capacity (17) .
The data presented here indicate that NaCl adaptation has resulted in enhanced capacity for K+ (86Rb+) uptake. This capacity is maintained at external NaCl concentrations that substantially inhibit K+ uptake in unadapted cells. Increased K+ uptake into NaCl adapted cells may be linked to the enhanced H+ pumping capacity of these cells and also to greater capacity of K+ uptake in the presence of vanadate.
MATERIALS AND METHODS Cell Suspensions
Tobacco (Nicotiana tabacum/gossii) cell cultures and procedures for the maintenance and growth of the cells were as described previously (27) . NaCl-adapted cells were isolated from unadapted cells and maintained for 4 years in medium containing 300 mm NaCl. Prior to use, the NaCl-adapted cells were transferred to medium without NaCl by inoculating the cells for 24-h periods, sequentially, into media where the NaCl concentration was reduced by 50 mM increments (26) . Both unadapted and adapted cells were grown for 3 d in fresh medium without NaCl before use in experiments. Adapted cells transferred to medium without NaCl exhibited equivalent growth when reinoculated into medium with 300 mM NaCl as cells that were maintained in medium with 300 mM NaCl (26, 27) .
Cells were separated from medium by filtration through Miracloth and then rinsed with a solution (150 mg fresh weight of cells to 1 mL of rinse solution) containing 5 mm CaSO4 (pH 6.0) and resuspended in that solution for 5 min. The cells were then reseparated from the medium and subsequently preincubated in the CaSO4 solution (similar cell to volume ratio as above) for 2 h to allow recovery from shock resulting from filtration (25, 26) . Aliquots of the cell suspensions were then transferred to separate vessels for experimentation. Concentrated solutions of salts were added to cell suspensions to achieve the desired ion concentrations. Viability was based on the percent of cells that included neutral red (13) . Cell osmotic potentials were measured by determining incipient plasmolysis in NaCl solutions graded at 0.05 molal increments (1 1).
RESULTS

H+ Secretion and K+(86Rb+) Uptake into Unadapted and
NaCI-Adapted Cells KCI stimulated net H+ secretion from both unadapted and NaCI-adapted cells with a greater acidification of the external medium occurring in the presence of 100 mM KCI (Table I) . Net H+ extrusion was greater for NaCl-adapted cells, a difference that was magnified by treatment with fusicoccin (Table  I) . Enhanced H+ secretion may be due to a more sensitive response to turgor reduction (17, 19) . Acidification that occurred in response to 10 mM KCI was completely inhibited by vanadate (Table I) (Figs. 1 and 2) . K+ uptake by unadapted cells was depressed by external NaCl above 80 mm (Fig. 2) . No inhibition could be observed in the case of NaCl-adapted cells. An external concentration of 20 mM KCI was used in these experiments to simulate the K+ concentration of the nutrient medium in which the cells were maintained. The endogenous K+ content did not differ greatly between the two cell lines (26) . The intracellular osmotic potentials of cells used in these experiments were comparable (-7.5 and -8. NaCl (mM) Figure 2 . K+(86Rb+) uptake into tobacco cells incubated in various concentrations of NaCI. Cells (unadapted *, and NaCI [300 mM] adapted El) were incubated for 2 h in uptake solution (86Rb+, 5 mm CaSO4, and 20 mm KCI) containing various concentrations of NaCI.
unadapted and NaCl-adapted cells). Over the course of the experiment, cell viability was about 80% and did not change substantially with the exception that there was about a 12% reduction in viability of unadapted cells in 160 mM NaCl after 4 h. The ability of adapted and unadapted cells to maintain K+ uptake in the face of increasing external concentrations of NaCl was examined. Moreover, since differences in net K+ uptake might be due either to enhanced K+ entry or reduced loss to the medium, both entry and loss were followed (Figs. and 3). To accomplish this, cells of each line were incubated for 2 h in 20 mm K+(16Rb+) medium, in the absence or presence of increasing NaCl concentrations. A portion of the cells was then transferred to uptake medium lacking 86Rb+ (see "Materials and Methods"). Release of 86Rb+ to the external solution was followed over the next 2 h (see Fig. 1 ). In parallel, 86Rb+ uptake was followed in those cells remaining in the uptake media. The higher net K+ uptake into NaCladapted cells was due apparently to enhanced entry rather than to appreciable differences in K+ leakage at comparable NaCl concentrations (Fig. 3) . DISCUSSION Evidence has been presented indicating that adaptation of glycophyte cells to NaCl results in increased capacity for K+ uptake, and this enhanced capacity is even greater under saline conditions. The principal effect of such an adaptation is to regulate intracellular K+ concentrations in environments where the uptake of K+ is under competition from other cations (12, 16) . Presumably, this is an adaptive mechanism that contributes to the ability of NaCl-adapted glycophyte cells to maintain intracellular levels of K+ adequate for survival and growth in saline environments (27) .
K+ uptake and H+ secretion have been shown to be influenced in some systems by turgor pressure (17, 18) , however, the turgor pressures of NaCl-adapted cells were similar to those of unadapted cells. This situation would not be expected to stimulate K+ uptake. Apparently, the response of cells to turgor must be a reaction to transitory turgor reduction. K+ uptake may also be regulated by feedback from the internal K+ content (9) but in the present case internal K+ content did not differ substantially between the cell lines (26) .
K+ uptake appears to be linked to H+ pumping by the plasma membrane H+-ATPase. Such linkage could be mediated by a common transport mechanism (e.g. cation/H+ exchange) or perhaps K+ entry could be passive through specific channels driven by the electrochemical potential gradient produced by the electrogenic H+-ATPase. The enhanced capacity of the plasma membrane H+-ATPase in NaCladapted cells (Table I ) may be linked to the greater K+ uptake observed in these cells.
In the presence of vanadate, when net H+ pumping was inhibited (Table I , 10 mM KCl), K+ entry into the cells continued (Table II) , presumably because the residual negative membrane potential difference drives the electrophoretic flux of K+. Moreover, passive 86Rb+ entry would continue until isotopic equilibrium has been achieved. H+ extrusion also continued in the presence of vanadate but only at high (100 mM) K+ levels. It has been suggested that this H+ secretion may be the result of the reverse action of a cation/ H+ antiporter driven by the K+ electrochemical potential (18, 26) .
The data presented here indicate that salt adaptation of glycophyte cells involves mechanisms that appear to enhance the capacity for K+ uptake. K+ uptake into NaCl-adapted cells was 1.5-fold greater than into unadapted cells in the absence of NaCl and increased to 3.5-fold at 160 mm NaCl. K+ uptake into NaCl-adapted cells was substantially unaffected by high external NaCl concentrations. Mechanistically, our data suggest that enhanced K+ uptake can be linked to increased H+ pumping capacity of the plasma membrane H+-ATPase. Furthermore, increased K+ selectivity of the uptake mechanism(s) seems also to occur as a function of salt adaptation. NaCl (mM) Figure 3 . K+(86Rb+) leakage elicited by increasing NaCI concentrations. Tobacco cells (unadapted *, and NaCI [300 mM] adapted O) were loaded with 86Rb+ for 2 h after which they were transferred to the same uptake solution lacking 86Rb+. Leakage was measured 2 h after incubation without 86Rb+. V.
